Bean leaf cells infected with bean pod mottle virus or cowpea mosaic virus contain osmi0philic globules (OG) in the cytoplasm. OG and myelinic bodies (MB) occurred between the plasmalemma and cell wall, and also embedded in the cell wall. Tubules containing virus particles were associated with OG and MB outside the cytoplasm, and membranes of some tubules were associated with MB.
INTRODUCTION
Virus infection is known to increase the membrane system of animal and plant cells in some cases. In poliovirus-infected cells a marked increase in the smooth membrane system has been associated with virus RNA synthesis and with an increased synthesis of membrane phospholipid (Dales et al. 1965; Caliguiri & Tamm, 197o; Mosser, Caliguiri & Tamm, 1972 ) . In virus-infected plant cells, vesicles, tubules, paramural bodies or boundary formations, convoluted endoplasmic reticulum and membranous inclusions are evidence of an increase of the membrane system (Milne, 197o; Peterson, 197o; Weintraub & Ragetli, 197o; Esau & Hoefert, 1971 , 1972 Spencer & Kimmins, I971; Tu & Hiruki, 1971; de Zoeten, Gaard & Diez, 1972; Hooper & Wiese, 1972; Kim & Fulton, I972, 1973; Jones, Kinninmonth & Roberts, 1973; Murant, Roberts & Goold, 1973; Sahambi et al. 1973) . This paper describes two structural elements, osmiophilic globules (OG) and myelinic bodies (MB), which appear to be involved in the formation of membranes of the tubules commonly associated with the two comoviruses, bean pod mottle (BPMV) and cowpea mosaic (CPMV).
METHODS
Bean plants (Phaseolus vulgaris L. cv. Cherokee Wax) in the primary leaf stage, grown in the greenhouse, were mechanically inoculated with sap extracted from BPMV-infected Cherokee Wax bean or CPMV-infected Monarch cowpea (Vigna sinensis (Torner) Savi).
In BPMV-infected plants newly developed first trifoliolate leaves showed vein clearing 7 days after inoculation followed by mottling 2 days later. Pieces I to z mm ~ were taken from the central leaflet of the first trifoliolate leaf daily from 6 to 13 days after inoculation. In CPMV-infected plants diffuse chlorotic lesions appeared in inoculated primary leaves 2 days after inoculation. Pieces were taken from these leaves daily from I to 7 days after inoculation. Appropriate healthy control leaves were sampled at the same time as infected leaves. The (MI and M2) are either between invaginated plasmalemma (P) and the cell wall or embedded in protruded cell wall. Several tubules with virus particles (Tv) are also in thickened cell wall (W). Inset: a higher magnification of the square in Fig. 2 showing the details of two different types of MB (MI and M2). leaf tissues were prepared for electron microscopy as described previously (Kim & Fulton, I972, 1973) .
Because OG, MB and membranes of tubules were similar in cells of BPMV-and CPMVinfected plants, illustrations presented are of BPMV-infected cells unless otherwise stated in the legends of figures. Fig. 3 . An OG in a protruded cell wall (W) containing a row of virus particles in its matrix. Periphery of OG is somewhat layered (see arrows). P = plasmalemma. Fig. 4 . A spherical MB embedded in protruded cell wall (W) and containing electron-dense substance in its centre. P = plasmalemma.
RESULTS
O G were observed in the cytoplasm of less than IO ~o of cells of non-inoculated plants. They were spherical or ovoid, averaging 0"5 #m in diam., with homogeneously osmiophilic matrices, and not membrane-bounded. In early stages of infection with both BPMV and CPMV, O G were observed in the enlarged and vesiculated area of the cytoplasm (Fig. I a, c) . In later stages of infection the O G were also near cell-wall malformations (Fig. 2) . In addition to being in the cytoplasm, OG were also between the plasmalemma and the cell wall or embedded in protruded cell walls. The matrices of O G external to the cytoplasm were granular and layered at the periphery (arrows, Fig. 3) . A row of virus particles was often located in the matrix of O G embedded in cell walls (just visible in Fig. 3 ) but no virus particles were observed in O G in the cytoplasm.
MB with osmiophilic properties similar to O G were observed in areas of cell-wall malformation in virus-infected cells (Fig. I a, b and Fig. 2) . At low magnification MB and O G appeared similar, but a higher magnification revealed that the MB were composed of fine linear bands arranged concentrically ( Fig. 1 b and Fig. 2 ). They were similar to the myelinlike bodies in cytoplasm described by Robards (1968) and Robards & Kidwaii (1969) . MB were pleomorphic and the centres of some of the spherical forms were filled with a granular substance (Fig. 4) -MB observed in this study were always extracytoplasmic, either between invaginated plasmalemma and the cell wall (Fig. 4) or embedded in thickenings or protrusions of cell walls ( Fig. 2 and 5) . MB sometimes appeared, at a low magnification, to be in the cytoplasm but in all such cases they were bounded by invaginated plasmalemma (Fig. I b and 2) or were seen to be embedded in the cell wall when viewed at higher magnification.
There were two kinds of MB, one having layers tightly packed with a periodicity of 37 to 46 A (MI in Fig. I b and 2 ) and the other usually having triplets of dense layers with a periodicity of 6o to 75 A (M2 in Fig. 2 ). The two configurations were often associated ( Fig. 2 and 6 ).
Virus particles within clearly defined membranous tubules and embedded in protruded cell walls were often closely associated with MB (Fig. 7) . Outer layers of large MB composed of triplets of dense layers were continuous with the membranes of tubules containing virus particles. The similarities between OG and MB, including osmiophiIic properties, location, association with virus particles, and association with thickened and protruded cell walls, suggest that the two structures are interrelated. MB are always extracytoplasmic. It is suggested that OG are precursors in the cytoplasm which are transformed into MB upon movement outside the cytoplasm. Furthermore, this is a response to virus infection and part of the process of an increase in the membrane system as evidenced by vesicles, tubules and convoluted plasmalemma. Reports of analogous associations of OG and MB have been recorded with various organisms, including a fungus (Smith & Marchant, I968) , and Amoeba proteus (Szubinska, 1971) . MB found in normal higher plant cells (Robards, 1968; Robards & Kidwaii, I969) and fungal cells (Smith & Marchant, 1968) all occur in the cytoplasm and thus differ from the extracytoplasmic MB found in this study of virus-infected plant cells.
Membranous tubules containing virus particles have been reported with certain spherical plant viruses (Walkey & Webb, 197o; Roberts & Harrison, 197o; Kim & Fulton, 1971; Van der Scheer & Groenewegen, 1971; Jones et al. 1973) . This study suggests that the membranes of the tubules with virus particles are, in some cases, formed by the MB. Their association with MB ( Fig. 5 ) and their continuity with the outer layers of an MB (Fig. 7) are supporting evidence. The process of new membrane formation in response to virus infection seems to involve the accumulation of OG, which are possibly phospholipids and proteins, followed by their modification into MB prior to membrane elaboration.
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